Background-Whole grain (WG) options are often limited in schools, which may impact rural, low-income students who rely on school meals for a substantial portion of their food intake. This study examined the changes in the availability and quantity of WG and refined grain foods offered in schools participating in the Creating Healthy, Active and Nurturing Growing-up Environments (CHANGE) study, a randomized, controlled intervention among rural communities (4 intervention and 4 control).
Results-The CHANGE intervention schools significantly increased the average percent of school days WGs were offered (p =.047) and the amount of WGs offered/food item (ounces) at lunch compared with control schools (p = .02). There was a significant decrease in the percent of students with access to refined grains at lunch compared with control schools (p =.049), although there were no significant differences in WG availability during breakfast.
Conclusions-The CHANGE schools improved WG availability, enabling student's WG consumption to be closer to national recommendations.
Keywords
school food service; whole grain Whole grains (WGs) consist of intact, ground, cracked, or flaked kernels that include the germ, bran, and endosperm in the same proportions found naturally in unprocessed grains. 1, 2 Whole grains have several health benefits because of their dietary fiber, phytochemicals, vitamins, and minerals. [3] [4] [5] [6] [7] [8] [9] [10] Research suggests that replacement of refined grains with WGs is inversely associated with cardiovascular disease, type 2 diabetes, body mass index (BMI), and possibly cancer. [3] [4] [5] [6] [7] [8] [9] [10] The Dietary Guidelines for Americans, 2010, recommend that children aged 4 to 13 years consume 5 to 6 ounces of WG daily. 11 However, children usually consume significantly fewer servings of WG than is recommended, on an average only 0.3 to 0.5 ounces of WG daily. [12] [13] [14] [15] Children who come from low-income families and/or live in rural populations often have the least access to healthier foods, including WG. 16, 17 One study in rural South Carolina estimated there were 0.07 food stores per square mile and 74% were convenience stores, which tended to have fewer healthier options than supermarkets. 17, 18 There is considerably less availability of food stores (and more availability of convenience stores) than what was found by another study examining urban environments; urban sites ranged in food stores per square mile from 1 (North Carolina) to 67 (New York) and the percentage of food outlets that were convenience stores ranged from 8% to 41%. 17, 18 This limited availability of WG may particularly impact children from low-income families, especially those who rely on school meals for as much as half of their daily energy intake. 19, 20 Therefore, interventions in rural school districts may be particularly important because students in these areas may depend on school meals for access to WG.
However, until recently, there were no WG requirements for school meals, and schools typically serve refined grains, further limiting children's opportunities to consume WG food (beginning during the 2012-2013 school years, United States Department of Agriculture [USDA] standards for school meals will require half of grains to be WG). 21, 22 Additionally, a recent publication found that WG intake was associated with healthier BMIs and weight status in the rural children. 23 Therefore, schools are an important venue to provide rural, low-income students with WG foods.
There have been a few previous studies that have focused on WG in schools. STOPP (STockholm Obesity Prevention Program) randomly assigned Swedish elementary schools to healthier foods, which included the substitution of refined bread products with WG in the cafeteria during lunch. 24 After 4 years, they found no differences in self-reported WG bread intake between intervention and control students. 24 No information regarding successful implementation of WG in the cafeteria was reported. 24 A recent intervention among middle school students, the HEALTHY study, attempted to increase WG offerings in the cafeteria as part of a larger nutrition component to reduce the risk of developing type 2 diabetes. 25 However, they found that many of the WG products were too costly for the schools to introduce, and they did not find significant changes in grain consumption among students at intervention schools compared with students at control schools. 25, 26 A pilot study by Burgess-Champoux et al 27 that focused exclusively on WG in a suburban elementary school was successful in both improving the availability of WG in school cafeterias and increasing the consumption of WG among the students at lunch compared with a control school. Last, Shape Up Somerville (SUS) was a community-based initiative in Massachusetts that focused on early elementary school-age children and included a cafeteria component to improve the foods served. 28 Whole grains were emphasized at both breakfast and lunch. 28 Shape Up Somerville was successful in implementing the healthier foods in school cafeterias to improve the nutrient profiles of foods provided, expanding WG consumption, and contributing to a reduction in the BMI z-scores of the students participating in the intervention compared with students at control schools. 28, 29 As a result of the SUS success, the Creating Healthy, Active, and Nurturing Growing-up Environments (CHANGE) study, a collaboration between Tufts University and Save the Children, adapted and tested the SUS model in a rural setting. The CHANGE study included multiple intervention components, including initiatives that focused on the school during the school day and after-school programs, the students' homes, and the communities in which the students lived. This study focuses on the school cafeteria component of the CHANGE study.
The aim of this analysis was to examine the change in availability and quantity of WG and refined grain foods offered to students during breakfast and lunch as part of the school meal programs comparing preintervention (fall 2008) with postintervention (spring 2009). It was hypothesized that school cafeterias participating in the CHANGE study would experience greater increases in the availability and quantity of WG at breakfast and lunch compared with control school cafeterias over 1 school year.
Methods

The CHANGE Study
The CHANGE study was a randomized, controlled field trial with 4 intervention and 4 control communities located in rural areas of California, Kentucky, Mississippi, and South Carolina designed to decrease BMI z-scores in children at high risk for obesity. Within a state, districts were randomly assigned to intervention or control status. Participants were students in grades 1 to 6 attending 1 of the 8 public elementary schools participating in the study. Each community had 1 elementary school. All 8 schools participated in the School Breakfast Program and National School Lunch Program and at least 85% of the students were eligible for free or reduced-price meals at both CHANGE intervention and control schools. Table 1 summarizes the characteristics of the intervention and control schools participating in the CHANGE study.
The CHANGE study included a food service component, with the CHANGE research staff and school cafeteria staff working together in partnership. Details regarding the other study components have been previously published. 30 The food service directors at the intervention schools attended a 3-day training in Boston, MA, where they met the food service director who had collaborated with the SUS intervention and toured the Somerville, MA, food service operations. The food service directors also received training and materials to support the cafeteria changes encouraged by the CHANGE intervention.
The specific aims of the food service component were to offer at least 1 serving of WG daily, serve 5 different fruits and vegetables per week with a fresh option daily, provide a dark green or orange vegetable or fruit at least 3 times per week, offer beans or peas weekly, offer low-fat (1%) and non-fat milk daily, maximize use of USDA commodity foods, and maintain participation rates during lunch of at least 70%. Additionally, limitations on icecream sales and a healthier à la carte portfolio were encouraged. This analysis focuses on the goal to provide more WG. Outcomes were assessed using preintervention (fall 2008) and follow-up measures (spring 2009). All 8 schools signed contracts agreeing to participate in the study. Active informed consent was also obtained for all participating students and parents/guardians.
Data Collection Procedures
Production records for breakfast and lunch were collected from the participating schools for 1 randomly selected week in the fall (preintervention) and 1 week in the spring (postintervention). These records provided information on each specific food served, the quantity prepared for each food item, the quantity left over of each food item at the end of the meal, and the total number of students receiving a school breakfast and/or lunch each day. Cafeteria staff also provided recipes and vendor product labels for the foods served during the data collection days, which included ingredients, serving sizes, and weights of the foods. One week preimplementation and postimplementation was chosen because of the feasibility of receiving the production records, nutrition labels, and detailed recipe and ingredient information from the food service directors due to the large burden involved in compiling this information. A research assistant conducted 15-to 30-minute telephone interviews at the end of the study (spring 2009) with all 8 food service directors from each of the participating communities and asked 8 open-ended questions about changes made to the foods served over the past school year. Questions covered the following topics: policy, marketing and education, menu changes and food preparation, and staff training and equipment. Interviews were taped and transcribed for analysis.
Analysis of Production Records
A coding system was created that categorized menu items into food groups of interest. To ensure the accuracy of the coding, data were entered twice and checked for discrepancies. The codes were then reviewed by a second research assistant. Foods were coded as WGs if WGs were the primary ingredient or primary grain ingredient by weight, as defined by the Healthier US School Challenge Whole Grains Resource. 31 Carbohydrates not meeting these criteria were coded as refined grains. When the weight of the food or the grain portion of the food, such as breading, was not available from the recipes or product labels, servings were converted to weight measurements based on the USDA Food Buying Guide for grains and breads. 32 
Outcome Measures
The primary goal of the cafeterias participating in the CHANGE study regarding WGs was to serve them daily. To estimate the frequency of access to WGs, the percentage of days that WGs were offered was calculated. The production records from breakfast and lunch were examined to determine if any WG was offered on a given day. The days with WG options were summed and divided by the total number of days examined for both time points in the fall and the spring. The frequency of access to refined grains was calculated using the same methods.
A secondary aim of the study was to determine the variety of grain options available to students daily. For WGs and refined grains separately, the number of different grain options offered to students daily was summed based on the production records. Different brands of cereal and types of sandwiches served on the same bread were counted as different options. For example, tuna sandwich on whole wheat bread and turkey sandwich on whole wheat bread were 2 separate choices. The same food item served on different days was also counted as distinct options.
The estimates of the availability of grains do not take into account the quantity of grains served as a percentage of the students attending the meal. Therefore, to calculate this, the total number of WG items offered was summed and divided by the number of students attending the meal each day and for breakfast and lunch separately. For example, 50 pancakes +150 muffins at breakfast/250 students attending breakfast =0.80 WG items per student, and therefore a maximum of 80% of the students would be able to select a WG during breakfast. This method was repeated for the refined grain options. The average ounces of the WG products served daily at breakfast and lunch were calculated and weighted to account for unequal quantities of WG products offered. The average ounces of refined grains served at breakfast and lunch daily were calculated using this method as well.
Last, the transcripts from the interviews with the food service directors in CHANGE schools were examined for references to WGs to determine if the WG message of the CHANGE intervention was being successfully conveyed. Interviews with the food service directors at control schools were also examined to see if more recent attention to WGs from the USDA, Institute of Medicine, food industry, and/or news was leading to awareness of WG.
Data Analyses
The primary study contrasts were the changes to the availability and quantity of WGs and refined grains offered to students in CHANGE and control schools at breakfast and lunch comparing production records in the fall (1 week) with the spring (1 week) during 1 school year. Analysis of variance accounting for clustering of observations within schools was used to examine the changes in difference values (postintervention minus preintervention) between CHANGE and control schools, controlling for baseline levels (preintervention). Whole grains and refined grains were analyzed separately. The analyses were performed with SAS statistical software (version 9.1, 2003, SAS Institute, Cary, NC). Table 2 summarizes the availability and quantity of carbohydrate-based foods offered to students in CHANGE and control schools. The average percent of days that WGs were offered at breakfast increased from 35% at baseline to 45% at follow-up at both CHANGE and control schools. One CHANGE school achieved the goal of serving WGs daily at breakfast, and no control schools served WGs on 100% of the study days. There were no significant decreases in the percent of days that refined grains were offered at breakfast, and the schools served refined grains on average 90% of days postintervention at both CHANGE and control schools. The total number of unique WG food options at breakfast increased by 0.4 options per meal for breakfast at both CHANGE and control schools; from 1.6 options at baseline to 2.0 options at the end of the study in CHANGE schools, and in control schools from 0.4 options at baseline to 0.8 options at follow-up. There were also no statistically significant differences between CHANGE and control schools at baseline and the end of the study for the number of unique refined grain options at breakfast, for the average percent of WG or refined grain offerings per student, or the average number of ounces served per student for refined grain or WG. Both CHANGE and control schools increased the percent of students with access to WGs, and servings contained on average half an ounce of WGs. The main sources of WGs offered to students at breakfast were WG cereals. Other sources included WG pancakes, English muffins, toast, and oatmeal.
Results
Breakfast
Lunch
The percent of days that WGs were available at lunch increased from 55% at baseline to 65% at follow-up in CHANGE schools, and in control schools from 20% at baseline to 25% at the end of the study (p =.047; Table 3 ). At follow-up, 1 CHANGE school served WGs every day during lunch, and no control schools served WGs daily. While there was an increase in the percent of days that refined grains were offered in the control schools and no difference in CHANGE schools from baseline to follow-up, this difference was not significant. The results suggested a trend toward greater increases in the mean number of WG options available to students in CHANGE schools, but differences between intervention and control schools were not significant. There were also no significant changes in the mean number of unique refined grain at CHANGE schools compared with control schools.
Both CHANGE schools and control schools experienced increases in the amount of WGs offered as a percentage of the students attending lunch; WG availability increased from 38.8% preintervention to 44.8% postintervention at CHANGE schools compared with 14.0% at baseline to 17.7% at follow-up in control schools (p = .11). There was a significant increase in the average daily amount of WG ounces available to students in CHANGE schools compared with control schools (p = .02). There was also a decrease in the amount of refined grains offered as a percentage of the students (p =.0498). The decrease in ounces per refined grain item at lunch at CHANGE schools compared with the control schools postintervention was not significant. The major sources of WGs offered to students at lunch were WG sandwich breads, hamburger buns, and rolls. Other sources were WG crackers, pizza dough, breadsticks, and corn dogs because of their WG breading.
Food Service Director Interviews
At CHANGE schools, 3 of 4 food service directors mentioned their intention to increase WGs, whereas in control schools only 2 of 4 food service directors mentioned their intention to increase WGs. The interviews suggested an awareness of the importance of serving WG products, including prior to the start of the CHANGE intervention:
We have been serving wheat bread now going on 2 years. So when we first started to serve it, we had a problem. They didn't want to eat it, wasn't anybody that wanted to eat it. 'We don't eat wheat bread. We don't want to change our bread.' But now everybody in the district is eating it. … We just are getting them wheat bread every day, so everybody's eating it, even some of the teachers that said they don't eat wheat bread. They never ate wheat bread, but now everybody's eating it because that's the only kind of bread we have…. We have wheat, you know, sliced bread and wheat hamburger buns. But this time, we're going to be trying to get them some wheat hot dog buns. (Food service director, intervention school) Some of the food service directors also discussed the challenges of pursuing WG options:
… we're trying to make sure we have more whole grains on the menu. It's just hard to get a lot of the products. Especially like on pasta products. They make it, but it doesn't come in bulk content, so it's been kind of hard for us. (Food service director, control school) Vendors are really good, and they're coming up-the vendors, I would like to say, are coming up with some better and better tasting healthier choice… . But then there's like poor taste quality, and kids don't like it. So it ends up being a fail-it falls on its face … it needs to taste good… . And you can't just give kids a whole wheat burrito. We've tried a lot of different ones. We have literally several different kinds of whole wheat burritos. Because we make a lot of our own, we make quesadillas, and some stuff that we make for even breakfast products. And it has to be tasty. You know, be nice quality. And some manufacturers have worked on that. So I'd like to say that that's going to help. (Food service director, intervention school) While several of the food service directors discussed various staff training programs or new equipment for their cafeterias, this was primarily focused on other food categories, especially fruits and vegetables. children in rural areas may have limited access to WGs outside the school, the main carbohydrate-based goal of the CHANGE intervention was to serve WGs every day for schools. There were nonsignificant increases in the availability of WGs offered at breakfast from preintervention to postintervention at both CHANGE and control schools, with WGs available on almost half of the study days at follow-up. There was a significant increase in the percent of days that WGs were available at lunch in CHANGE schools compared with control schools. The CHANGE study was also successful at increasing the amount of ounces of WGs served to students in intervention schools and decreasing the percent of students with access to refined grain options. There was also a positive trend toward increasing the number of WG options offered to students daily, although the difference was not statistically significant. The majority of food service directors at CHANGE schools and half of the food service directors at control schools discussed their efforts to increase WG options to students during the food service interviews.
Overall, on the limited number of days that WGs were offered, there were typically enough WGs put out for only roughly a quarter to one third of the students to select a WG during breakfast at baseline in control and CHANGE schools, respectively. At lunch, control schools offered WGs on average only 1 day per week and typically offered enough WGs for only 14% of students to take a WG at baseline. Whole grains were offered on about half of the days in CHANGE schools at baseline, and enough WGs were offered for about 40% of the students to select WGs at lunch. Despite increases from baseline at both CHANGE and control school in the percent of days that WGs were offered and in the percent of students with access to a WG item, on an average the majority of students did not have access to WGs at breakfast or lunch postintervention. Additionally, the number of ounces of WGs in the items offered was often small. For example, even if a student at a control school selected a WG item at both breakfast and lunch postintervention, they received on average a total of 0.8 ounces of WG, which is less than one third of the USDA recommendation of at least 3 ounces for a child with an intake of 1800 calories per day. 33 However, CHANGE schools' increases in the percent of days that WGs were offered and in the ounces of WG per food item at lunch likely helped many students get closer to reaching the USDA goal. Students who selected a WG at breakfast and lunch received on average 1.6 ounces of WG or roughly half of the USDA recommendation. Because the study participants are low-income students who typically receive 2 meals per day or up to about half of their daily energy intake at school, it is likely that many of these students depend on schools to receive a substantial portion of WG. 19 Despite the fact the majority of food service directors at CHANGE schools and half of the food service directors at control schools stated the intention to provide more WGs to students, this was not always reflected in the production records, and achievement of the CHANGE objectives varied between the sites. A variety of factors may explain the difficulties in achieving daily WG offerings in the schools. Recognizing WG products may be difficult and confusing. 34 Product labels that may suggest WG contents, such as "multigrain," often have refined grains as the primary ingredient by weight. It is also possible that serving WG daily was not feasible because of the additional cost of many WG products compared with equivalent refined grain options, as was found in the HEALTHY study. 25 Because there were several cafeteria goals for the schools participating in the CHANGE study, it is unclear if food service directors emphasized some of the goals more than others. It is possible that the success of a previous WG pilot study that increased the availability of WG was in part due to its emphasis on only 1 cafeteria change. 27 Interestingly, the 2schools, 1 intervention and 1 control school, with food service directors who did not mention WGs during the interview both experienced increases in the availability of WG. While it is possible that the changes were deliberate and not mentioned during the interviews, it is also possible that some common foods have been reformulated to contain WGs and happened to be served more frequently during the week of follow-up. For example, some of the popular cereals marketed to children now contain WGs and were included in the cases of mixed cereal that the schools offered to the students. This could also partially explain the general increase of WG products in the control schools.
Limitations
The results are subject to some limitations. The analyses did not include data on WGs sold as competitive foods sold à la carte or from vending machines. This was due to the limited access to these foods in elementary schools, including the schools participating in the study. The study may have also been limited by the short, 1-year duration of the intervention program. Food service changes often occur slowly for various reasons, including that changes to food procurement bids are often required to purchase new foods. Previous school-based interventions, including the HEALTHY study and Pathways study, also found this to be an issue when making changes in the cafeteria. 26, 35 Also, food service staff were not blind to the intervention status and knew about the production record collection activities; it is possible that they modified the foods served on data collection weeks. However, given how far in advance menus are developed and foods are ordered, planning was likely done prior to being informed about the study collection dates. This also contributes to the likelihood that the study days were representative of general WG availability in the schools, despite only 1 week of production records collection at baseline and at follow-up. Last, the number of servings actually taken by students could not be analyzed because of the large number of missing data in the production records. However, the study was strengthened by being well-designed, multifaceted intervention, the randomization of schools to intervention and control status, and the inclusion of 8 rural communities from geographically diverse areas throughout the United States. While randomization did not always result in similar preintervention values, these differences were accounted for in the analyses with an adjustment for baseline levels.
Conclusions
The CHANGE study used an innovative, multi-component intervention aimed at children in rural areas throughout the United States to encourage the consumption of healthier foods by increasing their availability. The CHANGE study was successful at increasing the percent of days that WGs were served at lunch and the ounces of WGs offered per food item to students. Overall, the results suggested a general positive trend in WG availability in school cafeterias, which may be in part due to national efforts to promote WGs and the food industry's reformulation of products to contain more WGs.
Implications for School Health
For schools to meet the new national guidelines to provide at least half of grains as WGs at meals cafeteria staff should receive additional training on identifying and preparing WG options, and the food industry should continue to increase the availability of palatable and affordable WG options to improve the feasibility of offering acceptable WG products to students. Future studies are required to examine the impact on the selection and consumption of WGs during the school day in other disadvantaged populations. Additional research is required to examine the costs associated with implementing more WGs in a rural school cafeteria setting, which may differ from urban or suburban settings where larger quantities of foods being purchased could be associated with lower food prices. Interventions, such as the CHANGE study, are important to help improve access to WGs among rural and low-income children, and the associated health benefits may be large. With repeated exposure to WGs, students may be more likely to select and consume WGs both during and outside the school day.
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Number of whole grain options daily | 
|
The number of unique options containing carbohydrates offered to students. This includes grain-based entrées, sides, and breaded products. ¶ Calculated as: Number of food items offered/Number of students attending breakfast. For example, a value of 100% means that enough was offered so that all the students attending breakfast had an opportunity to take a carbohydrate-based food item.
#
Valuesare weighted based on the quantity of each grain offered. The USDA recommends that a child or adolescent with an intake of 1800 calories per day should consume at least 3 ounces of whole grains per day. 11
Cohen et al. Page 15 Table 3 Carbohydrates | Calculated as: Number of food items offered/Number of students attending lunch. For example, a value of 100% means that enough was offered so that all the students attending lunch had an opportunity to take a carbohydrate-based food item. ¶ Values are weighted based on the quantity of each grain offered. The USDA recommends that a child or adolescent with an intake of 1800 calories per day should consume at least 3 ounces of wholegrains per day. 11
